Introduction. Over 1 million mild traumatic brain injury (mTBI) cases are reported annually worldwide and may result in cognitive, physical, and emotional deterioration; depression; anxiety; and sleep problems. However, studies on long-term mTBI effects are limited. This study included 440 patients, and regular follow-ups of psychological assessments were performed for 2 years. Four questionnaires, including the Pittsburgh sleep quality index (PSQI), Epworth sleepiness scale (ESS), Beck's anxiety inventory (BAI), and Beck's depression inventory (BDI), were used to evaluate sleep problems, daytime sleepiness, anxiety, and depression, respectively. Results show that BAI and BDI scores considerably improved at the 6th-week, 1st-year, and 2nd-year follow-ups compared to baseline, yet these remained significantly different. In addition, anxiety and depression were prominent symptoms in a select subgroup of patients with poor initial evaluations, which improved over the 2 years. However, the ESS and PSQI scores fluctuated only mildly over the same time span. In conclusion, the mTBI patients showed a gradual improvement of anxiety and depression over the 2 years following injury. While anxiety and depression levels for mTBI patients in general did not return to premorbid status, improvements were observed. Sleep disorders persisted and were consistent with initial levels of distress.
Introduction
Traumatic brain injury (TBI) is a major public health issue listed in the World Health Organization, and it can lead to acute and chronic long-term neuropsychiatric and cognition dysfunction [1] [2] [3] . More than 80% of these injuries were classified as mild [4] , named mild traumatic brain injury (mTBI). An estimated 1.7 million people per year sustain a TBI, and cumulatively over 5.3 million people in the USA have a TBI-induced disability [5, 6] . Two population-based studies using the Taiwan National Health Insurance Database indicated that TBI was associated with a 1.68 times greater risk of dementia, and the pathogenic hazard ratio for repeated TBI patients further increased to a 3.62 times greater risk of developing dementia [7, 8] . mTBI is considered a significant risk factor for neurodegenerative diseases, including Parkinson's disease, Alzheimer's disease, and dementia [9] [10] [11] . Approximately 70-90% of mTBI patients continue to experience neurocognitive dysfunction, although several patients could resolve such problems within the first year post injury [12, 13] .
TBI could result in cognitive, social, emotional, physical, and behavioral symptoms, such as headaches, sleep disturbance, depression/anxiety, and dizziness [14] [15] [16] [17] [18] [19] [20] [21] . Most patients with mTBI recovered within 6 months post injury, but some do not. The average healthcare costs of the mTBI group were 76% higher than those without mTBI in the 3 years after injury. In addition, the costs of treating psychiatric illnesses were more than double the total cost for nonpsychiatric patients [22] .
The symptoms and related trials of mTBI were studied primarily in military service members and veterans for blast-related mTBI [23] [24] [25] . However, there have been no studies on the long-term clinical effects of mTBI with blast-free etiologies. The purpose of this study is to analyze the psychological symptoms caused by mTBI in a prospective group of subjects.
Methods

Participants.
Between September 2010 and October 2016, participants with mTBI were recruited from admissions to three hospitals in Taipei: Taipei Medical University Hospital, Wan Fang Hospital, and Shuang Ho Hospital. The mTBI were defined according to the US Centers for Disease Control and Prevention [26] and the World Health Organization Task Force on mTBI [27] . The inclusion criteria were (1) injury to the head, (2) loss of consciousness for no longer than 30 minutes post injury, (3) Glasgow coma scale scores 13-15, (4) age between 20 and 70 years, (5) negative finding on computed tomography scans, and (6) no previous history of head injury. The exclusion criteria were (1) history of moderate or severe TBI, (2) history of mental illness, (3) history of epilepsy, and (4) pregnancy. A total of 440 patients with mTBI were screened, and 366 patients who met preliminary eligibility criteria were recruited and were asked to sign informed consent forms. The Taipei Medical University-Joint Institutional Review Board (TMU-JIRB) approved the study. Around 81% (296 of 366) of the eligible participants did not complete the 2-year follow-up (see Figure 1 for study flow). Eventually, only 70 participants were included in this longitudinal study. The control group comprised healthy participants also aged 20 to 70 years. Volunteers were recruited through community advertising and referrals and the only inclusion criterion was a lack of previous head injury. [28] , which includes 21 items scored from 0 to 3 to generate a total score ranging from 0 (no problem) to 63 (severe problem). The severity of depression was assessed via the BDI-II [29] , which is comprised of 21 items scored from 0 to 3 to generate a total score ranging from 0 to 63. Higher scores indicate clinically significant anxiety/depression.
Epworth Sleepiness Scale (ESS).
The severity of daytime dozing was assessed via ESS [30] . The questionnaire contained 8 items scored on a 4-point scale; score 0 (never doze), score 1 (slight chance), score 2 (moderate chance), and score 3 (high chance of dozing), to generate a total score ranging from 0 (no problem) to 24 (severe problem). The clinical cut point for ESS is 10 and an ESS score > 10 indicated excessive daytime sleepiness.
Pittsburgh Sleep Quality Index (PSQI).
Sleep quality and sleep dysfunction were evaluated by a self-reported questionnaire, PSQI [31] . It consists of 19 questions to measure 7 components: duration of sleep, sleep disturbance, sleep latency, sleep dysfunction due to sleepiness, sleep efficiency, overall sleep quality, and requirement of medication to sleep. Each component is scored from 0 to 3 generating a total score ranging from 0 to 21. A total score of greater than 5 is indicative of clinically significant poor sleep quality.
From a diagnostic perspective, the clinical end points for the four outcomes were set previously. A BAI score > 7 and a BDI score > 9 are indicative of meaningful anxiety and depression. Similarly, an ESS score > 10 and a PSQI score > 5 indicated substantial daytime sleepiness and sleep disturbance. The subgroups' improvements, according to the clinical cut points, were analyzed for 2 years post injury. 
Results
(19.12%
) of the original 366 mTBI participants completed the 2-year follow-up study, and 296 patients withdrew. The demographic information of this study is shown in Table 1 .
The average ages for both groups were 41.37 and 31.10 years, respectively. There were 38 (54.29%) and 182 (61.49%) women in both groups with an average GCS of 14.93 and 14.94, respectively. About one-third of the participants had mTBI caused by falls, and about half had injuries caused by traffic accidents. The average outcome scores of the participants who completed the 2-year assessment were 9.30, 9.37, 7.37, and 8.26 for anxiety, depression, daytime sleepiness, and sleep quality, respectively. The patients who dropped out from this study had an average anxiety score of 8.81, depression score of 9.01, daytime sleepiness score of 7.54, and sleep quality score of 7.73. Overall, there was no significant difference between the participants who completed or dropped out from this study, suggesting that these participants dropped out at random. In order to delineate the differences between participants with and without head injuries, healthy control participants were recruited and their results are shown in Table 2 . Between the mTBI and control groups, there were no differences in average age, average GCS, gender, average final education year, and percentage of smokers. All questionnaire scores were significantly different between the control group and the mTBI group, with the exception of the daytime sleepiness scores. The scores of anxiety, depression, and sleep quality of the mTBI group were considerably higher than those of the control group, suggesting that participants who had suffered a head injury exhibited symptoms of anxiety, depression, and sleep quality.
There were four time points for assessment for the mTBI group: initial (baseline), 6th week, 1st year, and 2nd year; there was one assessment for the control group. In order to measure improvement, the scores between the mTBI and control groups were compared, and the results are summarized in Table 3 . In the mTBI group, the average anxiety score improved from 9.30 at the initial assessment to 4.70 at the 2-year postinjury assessment. However, the average score for anxiety was 2.27 (standard deviation 3.62) in the healthy control group. Thus, the average score for anxiety in the mTBI group remained significantly different from that of the control group after 2 years (p = <0 01). The average depression score was 9.37 at the initial assessment and decreased to 5.49 at the 2-year assessment for the mTBI group. In the control group, the average depression score was 3.18 (±4.53), and this was significantly different from that in the mTBI group at all four assessments.
In addition, the average sleep quality score of the mTBI group at the initial assessment was high at 8.26, and this was significantly different from that of the control group at 5.84 with a standard deviation of 2.32 (p = <0 01). Over the course of 2 years, the average sleep quality score of the TBI group remained steady at around 7 or 8, and this was significantly different from that of the control group (p = <0 01). However, there was no significant difference in the average daytime sleepiness scores between the control and the mTBI groups at the initial assessment (5.97 and 7.37, respectively, 
At the 2-year assessment, the mTBI group score had a negligible increase to 6.97, yet the difference to the control group remained insignificant (p = 0 28). Furthermore, the sleep quality score of the mTBI group at the initial assessment was high at 8.26, and this was significantly different from that of the control group at 5.84, with a standard deviation of 2.32. Over the course of two years, the average scores of sleep quality were around 7 and 8, and these continued to be statistically significantly different from that of the control group. Again, there was no difference between the control and the mTBI groups at the initial assessment with respect to the daytime sleepiness scores (average 5.97 and 7.37, respectively). Over the 2-year period, there was no difference in the scores of daytime sleepiness between the control and mTBI groups.
The mTBI participants were divided into two subgroups, good and poor. The comparison results are shown in Table 4 , and the 2-year trends are illustrated in Figure 2. 3.1. Anxiety. 30 participants reported symptoms of anxiety at the initial assessment, with an average score of 17.37. The average score for the anxiety (poor) group was significantly different from the average score for the anxiety-free (good) group (p = <0 01). In the anxiety group, the score improved with time. However, the average score at the 2nd year of assessment (7.10) remained over the clinical end point. Therefore, the majority of the anxiety group continued to experience symptoms of anxiety at the 2nd year of assessment. The anxiety-free participants remained as such at the 2-year assessment. The average depression scores were significantly different between the depression (poor) and depression-free (good) groups at all assessments (p = <0 01). At the 2-year postinjury assessment, the average score of 8.82 in the depression group was lower than the clinical end point (9) . That is, the reported symptoms of depression improved after 2 years. However, the average score remained higher than that of the depression-free TBI group (3.26).
Daytime Sleepiness.
Most participants (55, 78.57%) were free of daytime sleepiness; however, several participants (15, 21.43%) reported that they experienced these symptoms.
The daytime sleepiness (poor) group had an average score of 10.33 at the 6th week which was above the clinical end point (10) , and participants in the problem-free (good) group had average ESS scores around 5-6 across the four assessment points.
Sleep Quality.
The majority of the mTBI participants (49, 70%) reported poor sleep quality, and 21 participants (30%) reported good sleep quality at the initial assessment. At the 6-week assessment, there were reports of sleep problems in the good sleep quality group and improvements in the poor sleep quality group. However, the average scores of these groups did not significantly change over the 2-year course. In addition, the differences of average PSQI scores between the two groups were significant at each assessment. For each individual, the changes in all outcomes were evaluated using an individual growth model. The physical health change by group (good-poor) is demonstrated in Figure 3 , and the individual growth models for longitudinal changes in anxiety, depression, and sleep quality are described in Table 5 . The intercept for scores of the daytime sleepiness and sleep quality was significant, indicating that individual scores varied for daytime sleepiness and sleep quality. The variable, age, was statistically significant in the depression category only. The group effects were significant for all physical health outcomes, indicating that the longitudinal changes in anxiety, depression, daytime sleepiness, and sleep quality after mTBI were dependent on their initial status (BAI and BDI scores at baseline). In addition, the interaction effects between the groups and postinjury time were significant in the anxiety and depression categories. That is, the longitudinal changes in anxiety and depression were dependent on postinjury time and good-poor groups.
Discussion
This study investigated the effects of mTBI over the course of 2 years. To our knowledge, it is the first longitudinal study that has focused on the anxiety, depression, and sleep quality outcomes of patients following mTBI. In this study, epidemiological comparisons between the mTBI and control groups were largely similar. The two groups did not exhibit statistically significant differences with respect to age, gender, GCS upon arrival, education, and smoking. However, we observed a significantly higher percentage of subjects who consumed alcohol in the control group compared to mTBI patients (57.5% vs. 42.8%). Despite this epidemiological difference, our results yielded significant findings that allow for a better understanding of mTBI patients.
The investigation into the dropouts also provided a better understanding for the study. Despite a total number of 440 patients initially enrolled in the study and 366 patients who completed the baseline evaluations, 296 patients withdrew, and only 70 patients were able to complete all four assessments. The 80.8% dropout rate was significant, and it required investigation. Fortunately, based on the initial baseline evaluations, the age, gender, GCS, and injury mechanisms of the subjects who dropped out were not significantly different compared to those who completed the study. This suggests that the patients who completed the evaluations at all four time points could be representative of the patients who dropped out of the study.
The results of BAI, BDI, and PSQI were significantly different in the mTBI group compared to the controls. Not only were these parameters increased following mTBI (Table 3) , they also showed significant improvement at the 6th week, 1st year, and 2nd year, after baseline values were established (Table 4) . While the mTBI ESS score was not significantly different compared to the control groups, there was a significant difference when compared to baseline values. The significant differences in BAI, BDI, and PSQI scores compared to the control group suggested continuous alteration in anxiety, depression, and sleep quality symptoms following mTBI, even at 2 years post injury. Additionally, subsequent to age adjustment, all parameters were significant when compared to the control group (Table 5) . Fortunately, anxiety and depression symptoms (BAI and BDI) continued to improve after 2 years (Figure 2 ), even in cases of incomplete recovery. Previous studies demonstrated an improvement of sleep at the 6th week after injury [21] , and our study confirmed such findings at the 6th week. The sleep quality symptoms (ESS and PSQI), however, worsened at later follow-ups, and appeared significantly worse than in the control group and the baseline values. In other words, while improvement in sleep is clear from baseline to the 2-year follow-up, the deterioration of ESS and PSQI from the 6-week follow-up to the 2-year follow-up is also evident. This delay in the deterioration of sleep quality deserves further attention and additional studies.
Individual end points were selected for each of the BAI, BDI, ESS, and PSQI scores, and the results revealed differences in those above and below the end points. The results were categorized into 2 subgroups for each outcome, and significantly different recovery curves were observed. The BAI and BDI groups yielded a continually improving curve for mTBI patients scoring above the end point. It was found that these scores improved to, but did not surpass, the end point. For ESS and PSQI, the groups with baseline scores above the end point continued to score above the end, and little improvement was observed in the 2 years following mTBI. Notably, those with lower PSQI scores worsened over 2 years (Figure 3) , an interesting finding that would require a larger study to confirm.
This study is somewhat limited by the number of subjects. Despite the initial enrollment of 440 patients, only 70 participants completed the 6th-week, 1st-year, and 2nd-year follow-ups. The 80.8% dropout rate was unfortunate and high; however, this is not uncommon for mTBI studies. For example, a study conducted by Warren et al. witnessed a 53% dropout rate in the 6-month follow-up [32] . The high dropout rate here may pose a bias for the outcomes of the study, despite a statistically insignificant comparison between the dropouts and those who completed the study. We hope to continue the study and analysis of mTBI patients to confirm the results of this investigation in the near future. Understanding the prevalence of anxiety and depression in mTBI patients is a first step to understanding the issues faced during treatment. Additional efforts in the treatment of these symptoms, and modulating the mechanisms that lead to them, requires further research.
Conclusion
This study shed light on mTBI with the subsequent presentation of anxiety and depression sustaining a time-dependent improvement over 2 years. The unresolved issues about the delay in the deterioration of sleep quality, paradoxical PSQI score, and the role of the modulating mechanism deserve further study despite the limited patient number and the current small scale and limited enrollment rate.
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